Introduction: Drug-resistant epilepsy affects 25% of all epileptic patients, and quality of life decreases in these patients due to their seizures. Early detection is crucial in order to establish potential treatment alternatives and determine if the patient is a surgical candidate.
Introduction
Identifying patients with drug-resistant epilepsy is essential in order to optimise drug treatment, start the evaluation process to determine if they are candidates for surgery, and opt for surgery or other non-pharmacological alternatives on a case-by-case basis.
The methodological steps followed in drafting this chapter of the Official Clinical Practice Guidelines for Epilepsy were described in the first chapter of the guidelines, published as an article in Neurología. Classification of the levels of evidence and the grades of recommendation is in accordance with the 2004 European Federation of Neurological Societies guidelines regarding therapeutic actions, and the modified version of the Oxford Centre for Evidence-Based Medicine levels of evidence (2001) for prognostic studies.
Drug-resistant epilepsy
The International League Against Epilepsy (ILAE) defines drug-resistant epilepsy as ''failure of adequate trials of two tolerated, appropriately chosen and used antiepileptic drug schedules (whether as monotherapies or in combination) to achieve sustained seizure freedom''. 1 Seizure freedom is considered to be sustained when the patient is seizure-free for more than one year, or has sporadic seizures separated by a period three times the longest interval between seizures prior to the treatment, whichever is longer. About 25% of all patients with epilepsy present drug-resistant epilepsy. 2 As a consequence of poor control over their epileptic seizures (ES), they present an increased risk of early death, trauma, and psychosocial alterations, while their quality of life is diminished. Drug-resistant epilepsy may show temporary remission periods (4% of adult cases yearly, with higher rates in children) but ES frequently reappear. Therefore, identifying patients with drug-resistant epilepsy is essential in order to start preparing the presurgical evaluation, and to arrange for possible therapeutic alternatives in specialised units or centres.
Prognostic factors for developing drug-resistant epilepsy
The risk factors associated with a poor prognosis for epilepsy are age-dependent.
• In children (prospective study) 3 : age younger than one year, symptomatic epilepsy, mental retardation or overall developmental delay, pathological neuroimaging study, or a high seizure frequency prior to being diagnosed with drug-resistant epilepsy (level of evidence [LE] II).
• In children (prospective study) 4 : weekly seizures during the first year of treatment, weekly seizures prior to treatment onset, or remote symptomatic epilepsy (LE I).
• In adolescents 5 : focal epilepsy, mental retardation or psychiatric disturbances (LE II).
• In adults (prospective study) 6 : symptomatic focal epilepsy, initial consciousness impairment during seizures, multiple seizure types, tonic-akinetic seizures, or anomalies on the electroencephalogram (EEG) (LE IV). 
Causes of diagnostic errors in drug-resistant epilepsy
Evaluation of patients with drug-resistant epilepsy in a specialised centre permits exclusion of cases of pseudoresistance (up to 25% of the patients referred to a specialised centre do not have epilepsy, and their most frequent final diagnoses are syncope, non-epileptic seizures, and sleep disorders). 7 Video-EEG monitoring is essential for identifying seizure characteristics. Medical treatment should be optimised since some AEDs are effective against certain types of ES but exacerbate others ( Table 1 ). The patient should receive advice on factors that can make control of ES difficult, such as treatment non-compliance, sleep deprivation, intercurrent diseases, alcohol use, hormonal changes, or drug interactions.
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Drug treatment optimisation
Rational polytherapy is recommended in patients with drugresistant epilepsy, with the aim of finding AED combinations (TABLE II) .
C
Figure 1
Recommendations for drug-resistant epilepsy.
that increase efficacy (supra-additive effect) and minimise adverse effects (infra-additive effect) 10 (Table 2 ):
• Combining AEDs with different action mechanisms to achieve a broad action spectrum intended to cover all types of ES experienced by the patient.
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• Avoiding AEDs with similar toxicity profiles and adjusting doses according to the patient's characteristics (age, sex, physical condition, and comorbidities).
• Considering that using more than 2 AEDs tends to result in more numerous adverse effects rather than a real improvement in seizure control (especially in elderly or polymedicated patients).
• Customising treatment for type of ES, type of epilepsy, and even epileptic syndrome by aetiology or gene (avoiding AEDs that block sodium channels in patients with mutations in the sodium channel gene SCN1A that causes Dravet syndrome).
Number of antiepileptic drugs to try in cases of drug-resistance epilepsy not treatable by surgery
Most authors recommend trying all novel AEDs until achieving control over drug-resistant epilepsy, provided that those drugs are indicated for the patient's ES or epilepsy type. 16 A systematic review and meta-analysis of the efficacy of all novel AEDs as adjunctive treatment for drug-resistant epilepsy found total control over ES in about 6% of all patients and a reduction in critical frequency in 21% 17 (LE I). Population studies in patients with drug-resistant epilepsy describe long remission periods thanks to successive changes in medication (8%-28%) 18, 19 (LE III). 
Epilepsy surgery
Epilepsy surgery is aimed at eliminating or reducing ES by excising the epileptogenic zone without causing deficits in the patient (resection surgery). Approximately 5% of all patients may benefit from surgical epilepsy treatment. 20 If epilepsy surgery is not possible, disconnective procedures or vagal nerve or brain stimulation will be used. 21, 22 Indications for surgery include:
1. Patients with drug-resistant epilepsy and seizures that interfere with their daily lives. In children, special attention must be paid to the adverse effects of AEDs. 23 2. The progression timeline of epilepsy should have reached at least 2 years, except in patients with life-threatening seizures or in children. 3. Epilepsies that can be treated with surgery: surgically remediable epileptic syndrome (poor control with drugs and good results with surgery), or when surgery can improve epilepsy with acceptable sequelae, in light of the baseline situation and seizure severity.
• Age does not represent an absolute contraindication; the risk/benefit ratio in elderly patients should be assessed.
• Cause of epilepsy: surgery is not considered when the aetiology is a progressive neurological disease, with the exception of Rasmussen encephalitis.
• Concomitant diseases contraindicate surgery if they have significant effects on vital or functional prognosis.
• Concomitant psychiatric disorders contraindicate surgery if they may compromise the surgical result or subsequent follow-up.
• IQ score below 70 indicates a poorer prognosis, but it is not a contraindication.
Selection of candidates for surgery
Epilepsy surgery currently requires a multidisciplinary team of specialists with specific training, working together in the same unit and equipped with the necessary technological means. 25 This team should include epileptologists, neurologists and/or paediatric neurologists, neurosurgeons, structural and functional neuroimaging specialists, neuropsychologists, psychiatrists, nursing staff specifically trained in epilepsy, and EEG technicians. Presurgical evaluation of patients will consist of examinations aimed at identifying the location and extension of the epileptogenic zone, and assessing the potential impact of surgery on the patient's neurological and cognitive functions and the emotional status. 26 In addition to clinical assessment, doctors initially order a series of complementary studies: video-EEG, brain MRI with epilepsy protocol, neuropsychological studies, and a psychiatric evaluation. Certain cases will require more specific studies, such as functional MR imaging, Wada test, ictal SPECT, SISCOM images, PET images, magnetoencephalography, electrocorticography, or semi-invasive or invasive electrodes. 27 We recommend that the final decision on surgical treatment be made in a meeting of all members of the multidisciplinary team.
Surgically treatable epilepsy Epilepsy treatable with surgical resection procedures
• Mesial temporal lobe epilepsy secondary to hippocampal sclerosis. Amygdalohippocampectomy is usually performed along with anterior temporal lobectomy, after which two-thirds of patients normally become seizure free. Surgery and subsequent treatment with AEDs provide better seizure control than medical treatment alone 28, 29 (LE I). A randomised clinical trial has observed that total hippocampectomy might be associated with a better response regarding ES control, with no increase in associated neuropsychological morbidity 30 (LE II). The decision to spare or resect the superior temporal gyrus does not impact surgery outcomes or performance of confrontation naming tasks 31 (LE II). Patients with hippocampal sclerosis are generally referred late for surgical assessment, even though early surgery is more effective than AED treatment 32, 33 (LE II).
• Neocortical epilepsies with a single circumscribed lesion.
Lesionectomy is the indicated procedure. The epileptogenic zone is located in the immediate vicinity of the structural lesion and MRI scans are usually sufficient to guide surgery. Invasive studies may be necessary to define the limits of the epileptogenic zone. Rates of seizure freedom in series of patients after temporal lobe surgery are similar to those observed in patients treated with temporomesial resection associated with hippocampal sclerosis and slightly higher than results following extratemporal surgery. 34 The ILAE recently issued new recommendations for surgery in cases of ES secondary to cavernomas. 35 • Hemispheric syndromes. Principal types include hemimegalencephaly, Sturge-Weber syndrome, Rasmussen syndrome, and other unilateral catastrophic epilepsies. These syndromes are treated surgically with hemispherectomy or functional hemispherectomy. Some 60% to 80% of patients remain seizure-free after surgery 36 (LE III). Candidates are patients with prior hemiparesis and loss of useful function in the hand contralateral to the affected hemisphere.
• Other surgically treatable syndromes with poorer outcomes: neocortical epilepsies with no single circumscribed lesion. Surgery involves resecting the neocortical area identified as the zone where the ES begin. It is used in patients with dual pathology, poorly circumscribed lesions and even patients without visible lesions on neuroimaging studies. In epilepsy without lesions, surgery uses the results of functional studies (EEG, SPECT, and PET) as a guide for placing intracranial electrodes. In cases of temporal epilepsy, as many as 60% of all patients attain seizure freedom, but this rate decreases to 35% for extratemporal locations [37] [38] [39] (LE IV). 
Palliative surgery
Palliative surgery includes procedures aimed at reducing ES so as to improve patients' quality of life.
• Multiple subpial resection. Today this procedure is used exclusively in eloquent areas in such disorders as Landau-Kleffner syndrome. Up to 55% of patients are seizure-free, and 4% display permanent deficits.
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• Corpus callosotomy. Partial or total sectioning of the corpus callosum. This procedure is used especially in case of atonic seizures, with 70% of the patients treated surgically displaying seizure reduction. 
Non-resection techniques
• Gamma knife radiosurgery. This technique consists of the destruction of a small volume of brain tissue by applying a high dose of radiation (gamma particles emitted by radioactive cobalt). This radiation is applied stereotactically in a single session and any radiation reaching surrounding areas is minimal. It is used in selected patients with mesial temporal epilepsy, hypothalamic hamartoma-related epilepsy, and cavernoma-related epilepsy.
• Deep brain stimulation. Deep brain stimulation is based on the potentially regulating role played by subcortical structures in ES genesis and transmission. Stimulation has been targeted at the cerebellum, thalamic and subthalamic nuclei, caudate nucleus, hypothalamic nucleus, and substantia nigra. The SANTE study, which used bilateral stimulation of the anterior nuclei of the thalamus, showed a 56% median reduction in seizure frequency, and 54% of patients had a seizure reduction of at least 50% 41 (LE II).
• Vagus nerve stimulation. This procedure consists of periodical stimulation of the vagus nerve by placing helical bipolar stimulating leads around the cervical portion of the neck. A wire connects the leads to a pulse generator located on the thoracic wall. The technique reduces ES frequency in patients with drug-resistant epilepsy who are not candidates for resection surgery. [42] [43] [44] A recently published meta-analysis reviewing the published studies with a level of evidence of I, II, and III, and including a total of 3321 patients, showed a median ES reduction of 44.6% after a mean follow-up period of 10 months. Seizure frequency decreased significantly by the first year of follow-up after surgery (51% if >1 year, P < .001). Of the patient total, 50.6% experienced an ES reduction of >20% (Engel classes I-III), with 4.6% of patients becoming seizure-free 45 (LE I). In patients younger than 6 years, ES reduction was even higher (62.0%). ES reduction reached 47.8% in 93 patients with Lennox-Gastaut syndrome. 45 It has also been proved effective and well-tolerated in patients with other epileptic encephalopathies, such as Dravet syndrome, and epilepsy with myoclonic-astatic seizures 46 (LE IV). Vagus nerve stimulation is now used for more epilepsy types than focal epilepsy, its initial indication. It has also been used in idiopathic generalised epilepsy, patients with repeated episodes of status epilepticus, and in elderly patients [47] [48] [49] (LE IV).
• Trigeminal nerve stimulation. This technique has been recently approved for use in the European Union as adjunctive treatment for drug-resistant epilepsy in adults and children older than 9 years. In a randomised controlled trial, 40.5% of the patients responded to treatment after a follow-up period of 18 weeks. 50 Fig . 2 lists the therapeutic actions after a first ES as recommended by consensus of the authors of the guidelines on surgery for epilepsy.
Other non-surgical procedures
Ketogenic diet
The ketogenic diet aims to replace carbohydrates with lipids. Metabolism of fatty acids generate ketone bodies (KB) (beta-hydroxybutyric acid, acetoacetic acid, and acetone to a lesser extent), which become the source of energy for the brain. Ketogenic diet promotes synthesis of glutamine (precursor of gamma-aminobutyric acid, an inhibitory neurotransmitter), which is structurally similar to GABA and would therefore have a direct antiepileptic effect. This treatment can be beneficial for children, 51, 52 and it is the treatment of choice in cases of pyruvate dehydrogenase complex deficiency and lack of glucose transporter (GLUT-1). The treatment should be started at an early stage to allow the brain to use KB as an energy source 53 (LE III). In Lennox-Gastaut syndrome, ketogenic diet will be especially effective for reducing myoclonic and atonic seizure, and results in seizure freedom in up to 16% of these patients 54 (LE III). Current data suggest that this diet may have a similar effect in adults and in children.
